ABSTRACT. The humphead wrasse (Cheilinus undulatus) is a large coral fish that has become threatened due to habitat loss and fishing pressure. We sequenced the mitochondrial genome of C. undulatus, using a normal PCR method. The complete mtDNA sequence encoded 13 protein genes, 22 tRNA genes and 2 rRNA genes. It was found to be 16,613 bp in length and had an overall H-strand base compositions of 27.3 for A, 30.9 for C, 16.8 for G, and 25.0% for T. Compared with the sequences of 8 other members of the family Labridae, gene content, genome organization, and nucleotide compositions were similar. All tRNAs formed a typical clover-leaf structure, except tRNA Ser (AGY), and most of the size variations among tRNAs stemmed from variations of length in the arm and loop of TΨC, and loop of DHU.
INTRODUCTION
The humphead wrasse (Cheilinus undulatus) is a large coral reef fish that is widely distributed in the tropical Indo-Pacific region, and it is the largest living member of the family Labridae, with a maximum size exceeding 2 m and 190 kg (Sadovy et al., 2003) . The humphead wrasse is the most valuable fish in the live reef food fish trade in Asia. It is particularly susceptible to overexploitation due to its life history, which involves slow growth, late sexual maturity, longevity, sex reversal, and low replenishment rates (Sadovy, 2002) .
In 1996, the humphead wrasse was listed as a vulnerable species in the International Union for Conservation of Nature Red List, the first to focus on the status of marine fishes specifically. It was listed due to the concerns of rapidly declining populations in many areas during the last decade (Sadovy and Vincent, 2002) . Therefore, it is important to evaluate the genetic diversity of the humphead wrasse for the conservation of its germplasm resource.
Mitochondrial DNA (mtDNA), with the characteristics of maternal inheritance, compact size, multiple copies per cell, rapid evolutionary rate, and rare recombination, has been widely used as a source of molecular markers to analyze populations and the evolution of fishes (Craig et al., 2001; Maggio et al., 2005; Ding et al., 2006) . Most of these markers such as cytochrome b, 12S ribosomal RNA, cytochrome c oxidase subunit I, and NADH dehydrogenase subunit 2 are identified in a few mitochondrial regions, and adequate resolution of evolutionary relationships requires longer DNA sequence (Miya and Nishida, 2000) . Thus, entire mitochondrial genome sequences containing more information are required to construct phylogenetic trees, rather than the simple collection of individual gene sequence. The examination of mitochondrial genomes may reveal important genome-level characteristics, such as length variation, base compositional bias, codon usage, gene rearrangement, RNA secondary structures, and control modes of replication and transcription (Sheffield et al., 2008) .
In the present study, we amplified the mitochondrial genome of C. undulatus using a normal polymerase chain reaction (PCR) method and described its gene organization and control region. Complete mtDNA sequence data would provide important information not only for population studies of C. undulatus, but also for phylogenetic studies of the genus Cheilinus.
MATERIAL AND METHODS

Fish samples and DNA extraction
The C. undulatus specimen was obtained from Qing Li Fisheries Company of Sanya, and the harvested tissues for DNA extraction were immediately frozen at -80°C. Total genomic DNA was extracted from dorsal muscle tissues by the following procedure. Approximately 0.1 g tissue was homogenized in 1 mL digestion buffer (10 mM Tris-HCl, pH 8.0, 2 mM EDTA, 10 mM NaCl, 1% sodium dodecyl sulfate, 10 mg/mL dithiothreitol, 0.5 mg/mL proteinase K) and incubated at 37°C for 8-16 h, followed by standard phenol-chloroform extraction. The DNA samples were stored in 50 µL TE buffer.
Amplification, cloning and sequencing of PCR products
A series of primers based on the complete mitochondrial genome sequence of Hali-choeres melanurus (GenBank accession No. NC009066) were designed (Table 1) . PCR was carried out using a Mastercycler gradient (Eppendorf) with a 25-μL reaction mixture containing 50 ng total genomic DNA, 0.2 mM dNTPs, 0.2 μM of each primer, 2.5 μL 10X ExTaq reaction buffer, and 2 U ExTaq polymerase (TaKaRa). The PCR parameters were set up as initial denaturation at 94°C for 4 min, followed by 30 cycles composed of DNA denaturation at 94°C for 30 s, annealing at 47-53°C for 30 s and extension at 72°C for 2 min, and a final extension at 72°C for 7 min. The amplified PCR products were purified and ligated into pMD18-T vector (TaKaRa). The sequences of resultant plasmids were verified at Shanghai Bio-Engineering Technology Co., Ltd.
Data analysis
The sequence of each identified gene was compared with the mitochondrial genome sequence of H. melanurus. To comparatively analyze the control region of mitochondrial genomes, 6 complete mitochondrial genome sequences of Labridae were collected from GenBank. Homologous sequences for each gene are initially aligned using ClustalX (Thompson et al., 1997) , and further analysis was carried out by MEGA version 4.0 (Tamura et al., 2007) .
RESULTS
Primer design strategy
The normal PCR method included template selection, PCR primer design, PCR amplification, and sequence splicing. Parajulis poecilepterus, H. melanurus and Pseudolabrus sieboldi are important members of the family Labridae. The complete mitochondrial genome sequences of three species and four mitochondrial gene sequences of C. undulatus from GenBank [EF609322 (COI), EU601399 (Cyt b), EU601220 (tRNA-Phe and 12S), and AY279685 (16S)] were downloaded. After sequences of three complete mitochondrial genomes and four mitochondrial genes were subjected to alignment analysis by the NCBI BLAST software, the complete mitochondrial genome sequence of H. melanurus was selected as the template for the design of PCR primers.
The design strategies and criteria of PCR primers are shown in Figure 1 . 1) The length of PCR products was controlled in the range of 1300-1500 bp for the following reasons: a) the reaction can only analyze the sequence in the range of 800-1000 bp using current DNA sequencing technology; b) adjacent amplified fragments must have some overlap for facilitating splicing; c) research cost should be low. 2) We designed primers for two rounds of PCR. The primer pairs in each round had half the total number of primer pairs and the distance between fragments amplified by adjacent primer pairs was approximately 1000-1200 bp, as shown in Figure 1A. 3) Sequence alignment analysis was conducted by the BLAST software for the sequencing results of the firstround PCR products and the PCR primer template. The first-round PCR products were used to replace the corresponding parts of the template sequence. 4) The new sequence generated from the first round PCR products was used as the template for the design of the second-round PCR primers. Moreover, during the primer design for the second-round PCR, each primer pair must be included in the new sequence to ensure some overlap between the second-round PCR products and the new sequence in the template ( Figure 1B) . 5) For the primers with low efficiency, we also developed a new primer pair outside the original primer that did not work for nested PCR amplification ( Figure 1C ). Totally, 12 primer pairs were designed for the first-round PCR, as shown in Table 1 . Agarose gel electrophoresis of the first-round PCR products showed that 3 primer pairs (Sumei-A4sen and Sumei-A4ant; Sumei-A6sen and Sumei-A6ant; Sumei-A7sen and Sumei-A7ant) were of low efficiency and could not complete PCR. Therefore, we designed 3 new primer pairs (Sumei-A4-2sen and Sumei-A4-2ant; Sumei-A6-2sen and Sumei-A6-2ant; Sumei-A7-2sen and Sumei-A7-2ant) outside the original primers for nested PCR amplification, as shown in Table 2 . The sequence alignments between the sequencing results of the first-round PCR products and the template of PCR primers were conducted to replace the corresponding parts of the template sequence using the first-round PCR products. Based on the newly generated sequences as the template, 10 primer pairs were designed for the second-round PCR, as shown in Table 1 . Figure 1 . Design strategies of PCR primers. Two rounds of PCR primers were designed. A. The mtDNA genome sequence of Halichoeres melanurus was selected as the template for the first-round PCR primers, and the distance between fragments amplified by adjacent primer pairs was approximately 1000-1200 bp. B. The first-round PCR products were used to replace the corresponding parts of the mtDNA genome sequence of H. melanurus, and the new sequence was used as the template for the design of the second-round PCR primers. C. For the primers with low efficiency, a new primer pair outside the original primer was developed for nested PCR amplification.
First-round PCR primers
Second-round PCR primers Primer name Primer sequence (5'-3') Primer name Primer sequence (5'-3') Besides the reduction of the experimental cost and technical difficulties, the normal PCR method can avoid the inherent complexities of long PCR techniques and result in amplified PCR products with the convenience of sequencing. Compared with conventional long PCR techniques, the normal PCR method can identify a series of technical parameters and form a new method for amplifying mtDNA. For example, two adjacent sections of PCR products should have approximately 100 bp overlap. Because some regions are not conserved and since the primers located in those regions are of low efficiency, we designed the inlaid PCR primers for nested PCR amplification to ensure the success of the experiments.
General features of mitochondrial genome in C. undulatus
The total length of the mitochondrial genome in C. undulatus was 16,613 bp, and similar to that of other animal mitochondrial genomes (Boore, 1999) . The organization and location of the mitochondrial genome of C. undulatus was in accordance with the pattern observed in other teleostean mtDNAs (Figure 2 ). This mitochondrial genome included 13 protein genes, 22 tRNA genes, and 2 rRNA genes. It also had an overall H-strand base composition of 27.3 A, 30.9 C, 16.8 G, and 25.0% T. Meanwhile, the sequence of the control region (Dloop) located between tRNA-Pro and tRNA-Phe was 903 bp in size, comprising 5.44% of the whole genome. The complete mitochondrial genome sequence of C. undulatus was deposited in GenBank with the accession No. GU296101.
DISCUSSION
Protein-coding genes
The mtDNA of C. undulatus encoded 13 protein genes. Among these 13 protein genes, ND1, ATP8, ND5, and ND6 use ATG as the start codon and TAA as the stop codon; ND2, ND3, ND4, ND4L, ATP6, COX2, COX3, and Cyt-b use ATG as the start codon, but do not possess proper stop codons although a terminal T or TA where the TAA appears is created via post-transcriptional polyadenylation (Ojala et al., 1981) . The exception is only COX1 with GTG as the start codon and AGG as the stop codon. The gene pairs of ATP8-ATP6, COX1-tRNA Ser and ND5-ND6 exhibited overlap lengths of 9, 8 and 3 bp, respectively. Eight tRNA genes (tRNA ) and one protein gene (ND6) were located on the light strand. The direction, location, and encoding-strand selection of the genes from C. undulatus were identical to those of the typical bony fishes (Figure 2 and Table 3 ).
Primer name
Primer sequence (5'-3') Remarks
Sumei-A4-2sen GCACGGCAATTGCGAAAGG The new primer pair outside the Sumei-A4-2ant GCCAAGGCCAATTAGAAGTGTGG 4th primer that did not work for PCR Sumei-A6-2sen CATAACTCAGCGAGGACAAC The new primer pair outside the Sumei-A6-2ant GACTGGTGTAGGGCCTTCT 7th primer that did not work for PCR Sumei-A7-2sen AGACGCAATCATCGAATCAC The new primer pair outside the Sumei-A7-2ant GTGGCAATGTCAGAGGTGTAG 3rd primer that did not work for PCR Table 2 . Second-round PCR primer pairs for the complete mitochondrial genome sequences of humphead wrasse and the new primer pairs outside the low-efficiency primers.
RNA genes
The mitochondrial genome of C. undulatus contained 22 tRNA genes interspersed between the rRNA and protein-coding genes. The lengths of the 22 tRNA genes ranged from 68 to 77 bp. The predicted secondary structures of tRNAs are shown in Figure 3 . Most of the size variation between the tRNAs stemmed from length variation in the arm and loop of TΨC and loop of DHU.
All tRNAs could form a typical clover-leaf structure except for tRNA Ser (AGY) (Figure 3) , and all putative secondary clover-leaf structures contained 7 bp in the amino acid acceptor (AA) stem, while the majority had 5 or 4 bp in the TψC stem, 5 or 4 bp in the anticodon stem, and 4 or 3 bp in the DHU stem. The 12S rRNA and 16S rRNA genes were 956 and 1702 bp in length, respectively. As in other vertebrates, both genes are located between genes of tRNA Phe and tRNA Leu(UUR) , and separated by the tRNA Val gene (Hou et al., 2007) . The overall content of the bases was similar to that observed for other Labridae (data not shown). 
